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NOTE _ e

This work by N.P.Ben'kov is devoted to a study of magnetic
storms and the electromagnetic processes responsible for them.
It contains a survey of the lit4raturo on this topic, a classi-
fication of storms, a doacriptign of the morphology of the phe-
nomenon, and a calculation of tﬁo extra-ionosphere, responsible

for the regular parts of the maénotic disturbances. It also

contains a description of indiv%dual storms and of related e-

lectric currents., One of the Cﬁtptors is dﬂoto;i to the clrc-
tric currents induced by the fiﬁld of magnetic storms in the
conducting layers of the earth, . This work is of interest for
specialists in geophysics, acieétifib workers, postgraduate
students, students taking advanced courses, and specialists in

the field of ionospheric physicsa.

-
Declassified in Part - Sanitized Copy Approved for Release 2013/05/28 : CIA-RDP81-01043R002000210021-9



Declassified in Part - Sanitized Copy Approved for Release 2013/05/28 : CIA-RDP81-01043R002000210021-9

A A s WAy b rmow Tm e e eem————— & s S s e s

“INTRODUCTION

Magnetic storms, i.e., rapid random oscillations of the intensity vect_.or of the
_|geomagnetic field which from time to time disturb the normal march of the magnet:?c
elements, constitute one of the most interesting geophysical phenomena. "They were

first discovered at the very dawn of the development of geomagnetic research, when

‘ __]the only magnetic instrument available was the magnetic needle, and have long :aﬂ(ﬂ;::-:s.c--~
l 'ted the attention of both navigators and acientiets. The Arkhangel!sk seafarers,

(. —a

...sai]ing on voyages in the basins of the White Sea and the North Arctic Ocean, noted

'.‘3,_.
...unexpected and random fluctuations of the eedle, frequently coinciding with auroral:

|
|
I
|
{

. .-.displa.ys in the sky. "Our little mother deceives us when the North glows™ # is a
well-known maritime proverb which runs back to the middle of the Eighteenth Century. i

At present, when not only magnetic, gyro and astro-compasses but also complex radio-?
navigation and radio control systems are used for marine and aerial navigation, when'
shortwave radio is the principal means of communication in times of peace and war,
the study of magnetic storms has become of still greater practical interest, being e
necessary element of the theory and application of ionospheric propagation of radio
‘waves.

The theoretical significance of the study of magnetic storms is likewise very

great and not primarily, for geomagnetism itself, in which the problem of the irregu-

¥ The discovery of magnetic storms is usually attributed to Hiorter who, in 1741,
discovered the irregular fluctions of the magnetic needle. There is, however, reason

(Bibl‘.BO) to assume that they were known to Russian sailors in Northern waters.

1
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0 _|1ar variations ‘occupies a particularly important place, ‘but also for other di‘v’i'i’ié’r:ﬁi\

_jof geop}vsics, such as the phyaics of the ¢ jupper layers of tho atmosphere, the atud(;_" g
iof the aurora polaris, the cosmic rays ancl the earth currents. Since the o:l.csci’.ronmg-al

lnei’.ic ‘processes of the ‘earth!'s atmosphere :are primrily ~due~to solar radiations of ™

. B ]all forms, there is an intimate relation between the departments of geophysics and o

3
|
i
} 4

Io'jhenophysics. Magnetic storms, in particular, were the first geophysical phenomena.

12 'ffor which a correlation with solar activi‘t'iy was discovered and which yielded abundant™
|

- material from the solution of a number of Iproblems related to solar radiation and

' pehavior of the active regions of the uolar envelopes.
" " The study of magnetic storms, the regularities in their course, and the electro-

magnetic processes causing them, constitute the subject matter of the present work.

’

Section 1., General Discussion of the Theories of Ha.@otic Storms

Despite the great efforts made by geophysicists of several generations in studyh
ing the morphology and nature of magnetic storms, many essential questions atill
remain controversial, This is explained,fboth by the complexity of the phenomenon
which requires the attentive study of a large amount of empirical material for the .
clarification of any regularities at all, and its intimate connection with ionospher-
ic physics and heliophysics. A quantitative theory of magnetic storms is given its .
necessary empirical base only when we know reliably the composition of the upper
layers of the atmosphere, the velocity and laws of motion of air masses, the laws of
radiation by the undisturbed s&lar surface, and by the active formations of the sun.
The exceptionally rapid development of ionospheric and solar physics, which owes
mich to the work of Soviet scientists, allows us to expect that the combined efforts
of geophysicists and astronomers will lead in the near future to a solution of these
problems,

But even today, the basic stages og the theory of magnetic storms have already
been marked out. As far back as 200 years ago, the hypothesis was postulated that

magnetic storms are caused by minute particles of matter flying from the sum. The
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data subsequently accumlated on the geographical distribution of magnetic activity,
on its fluctuations with time, and on its correlation with solar activity, confirm
this view, and the works of a number of geophysicists (Arrhenius, Angenheister, and

mainly Stoermer, Birkeland, Chapman, and Alfven) laid the scientific foundation for

the corpuscular theories of magnetic storms. The existence of a corpuscular radiatioﬂ

from the sun, proposed to explain magnetic storms and the aurora polaris and succes-
sfully used to solve a number of other problems, still remained a hypothesis until
recent years, It was only in 1950-51 that measurements of the Doppler shift of the
hydrogen lines in the spectra of the aurora confirmed the penetration of a stream of
particles into the upper layers of the earth's atmosphere.

The modern corpuscular theories ?f storms are bésed on a chain of independent

problems, beginning with the .emission of the sun's geoeffective corpuscular radiation

the dynamics and electrodynamics of the corpuscular stream en route between the sun
and the earth, and ending with the electromagnetic processes taking pI;;e on the
earth!s surface as a result of the interaction of the corpuscular gtream with the
permanent magnetic field of the earth and the earth's atmosphere. The construction
of the system of electric currents, which constitutes the immediate cause of the
fluctuation.of the magnetic field during the time of a storm, occupies a position of
considerable importance among the links of this chain. The mechanism of excitation
of these currents is in many respects still obscure, and the very existence of the
currents has not yet been confirmed by direct observations, as has been done for the

currents responsible for the regular diurnal variations of the magnetic field #. In

its present phase, however, geophysics offers no other hypothesis of equal value to

¥ Weasurements of the magnetic field at great altitudes, by means of remote-reading
magnetometers installed in rockets, have shown the existence of a discontinuity in
"the variation of the field at the height of the E layer of the ionosphere. This dis-
continuity confirmed the existence of electric currents at the level of 90-105 km,
which might, judging by their intensity and diurnal variation, explain the quiet
diurnal variations (S _variations) of the magnetic field. The hypothesis of currents

flowing in the uper ldyers of the atmosphere was postulated by B.Stewart long before
the experimental detection of the conducting properties of the ionosphere by radio

methods.
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explain the field of geomagnetic variations, without assuming electric currents ex- )
ternal to the earth's surface. According to the Chapman-Ferraro and Alfven corpuscu-
lar theories of magnetic storms, which are widely recognized today, the excitation
of these currents in the upper layers of the earth's atmosphere, and beyond it, as

a result of the action of a stream of solar corpuscles is a physical reaiity. Other
authors consider the field of magnetic disturbance to be the direct field of flying,
charged corpuscles of solar origin. This view evokes two remarks. First, motion of
electric charges at high velocity is jdentical with an electric conduction current,
and thus, this view cannot be opposed to the current theory of magnetic storms;
second, considerably more theoretical and empirical arguments can be opposed to it
than can be cited in its favor. The ultraviolet theory of magnetic stormsi#, ac-
cording to which the prime causes of magnetic disturbances are outbursts of wave
radiation, likewise reduces the effect of the disturbance of the uppér layers of the
atmosphere to the formation of certain additional current systems.

For an explanation of the Sqfvariations, a diamagnetic theory had been advanced
previously. According to this theory, the upper conducting layers of the atmosphere,
due to the rotation of charged particles about the lines of force of the permanent
magnetic field are, as it were, magnetized. The magnetic field of these layers,
superimposed on the permanent field, forms the diurnal fluctuations of the magnetic
elements. As a result of the work by Tamm (Bibl.31) and otherg, this hypothesis has
been recognized as unfounded. However, even if the possible existeénce of a diamag-
netic effect were not open to fundamental objections, it would be quite impossible
to use the hypothesis for explaining such complex fluctuations as are obgerved dur-
ing magnetic storms. For any view of the mechanism of action of a geoeffective
solar stream on the magnetic field of the earth, it seems that the immediate causes .

of the fluctuations of the magnetic field during a disturbance are electric

¥ This theory developed by Meyers and Hulbert, is at present time the object of

violent criticism.
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tion
currentsi excited in some manner outside the earth's surface itself, and by inductio

ts is
in its depths. Thus an explanation of the morphology and nature of these currents
torms.
of fundamental significance for the development of the theories of magnetic sto
t
The calculation and discussion of the electric currents responsible for magne ic

storms is the primary purpose of the present work.

Section 2. The Electric Current Systems of Magnetic Storms

The problem of finding the density and configuration of the currents from the
—valued
magnetic field observed on the earth's surface is, in the general case, a many
one. However, by calling on supplementary information from other fields of geo-

t -
physics, the number of possible solutions is narrowed, leaving only one or two pa
]

lated
ameters indeterminate. For example, the very plausible hypothesis was formu

N
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Fig.l - Storm of 17 July 1947

Magnetograms of Krasnaya Pakhra Observatory

i i herical
that the currents, responsible for the quiet diurnal variations, flow in & SPp
system
layer concentric with the earth's surface. This allowed calculation of the sy
basis
iati herical analysis and served as a
of currents of the Sq variations by means of sp N i
i i . one g s
for the formulation of the physical theories of the Sq 1y pa .
i e
height of the current layer, still remained indeterminate in the calculations o

i ioniz-
S ~layer. Its value was found by consideration of experimental data on the io
q L]

i i bances in the
¥ Not necessarily conduction currents. It is possible that the disturban

polar region are connected with a peculiar type of discharge currents.
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ation of the D and E layers of the ionosphere.

The situation with respect to questions of the construction of the current. - ..

systems responsible for the field of perturbation ig considerably less favorable.

In spite of thé—iéﬁgg number of paporu dehoted to this subject, it has  not yet been
definitively solved, The main reason for this is the above-mentioned complexity of
the fluctuations of the magnetic elements| during a storm. If the calm (quiet) diury
variations are so regulnr (ef. left part Lf Fig.l) that a simple averaging of the
data for a few days in a month is eufficiLnt to determine the law of variation of tH

magnetic elements, magnetic storms (as will be seen from the right side of the same

figure) belong to those very capriclous ahd at first glance completely random phen—
omena which are so abundant in geophysicsl Magnetic storms are characterized not

only by complexity in the fluctuations of the vector of the magnetic field with timT
(rapid fluctuations of various amplitudes. and frequently of utterly irregular form,
| follow each other without apparent regularity). The distribution of the vectors of

the distirbing force in space is also extremsly complex, The form end amplitude of

the oscillations at different stations, particularly those located in different lat-
! 4tudes, often bear 1little similarity to each other (Fig.2). The rough qualitative
characteristics of the field of magnetic storms (the disturbance is greater in high

than in low latitudes, greater in the evening than in the morning, etc,) have long

» been known, However, in order to study with more rigor the morphology of the fieldy
| by its spatial and time variations, the accumilation of a large amount of empirical[
_ material was necessary, with long series of observatory data at a large number of

geographical points, While Schuster disposed of the annual data of seven observa- '

tories in his calculation of the potential of the quiet diurnal variations, which

!
|
I

allowed him to get an idea of the system of currents that well represents the mean

' features of the field, the workup of materials trom 22 observatories to a few years
: |
permitted Chapman to find only the general outlines of the morphology of the storm |

' field,

Do — - —
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The second difficulty produced by the complex structure of the storm field in
studying the causative electric currents, is the need for a special mathematical ap-
paratus sujitable for an analytical representation of the field and for the calcu-
lation of the current function. Spherical analysis, which 1s successfully used to
represent the permanent field and the quiet diurnal variations, has permitted so-
lutions of a number of fundamental problems of the structure of these fields, but it
is practically useless for the investigation of fields with a complex geographical

distribution.

A1l attempts made until now to construct a system of electric currents with
{
fields equivalent to the fields of magnetlc storms, were based on modest empirical

material and were calculated by an approximate method (Chapman), or else were based

on data relating to only a limited part of the earth's surface (for instance, 2 few

polar stations) and were calculated under very narrow a priori assumptions (for in-

stance, the postulate advanced by Birkeland, Gnevyshev, and others as to linearity of

the current)., As a result, these systems of electric currents do not represent (with

the accuracy that is desirable for theoretical and practical problems) the geographic

distribution and time regularities of the field of magnetic storms. Moreover, they

have been constructed without proper division of the field observed on the earth'!s

surface into the parts of external and internal origin, without jnvestigating the

question of potential, and without considering a number of other questions whose so-

Jution could be obtained only by means of the analytic representation of the field.

Most of the known current systems, and in particular the system of Chapman,

which is cited in all manuals and textbooks on terrestrial magnetism, are average

systems, equivalent to an average magnetic storm. The literature contains only few

works devoted to the study of electric currents of individual magnetic storms and to

the relations between the average and individual pictures. It follows from this
that there is very great need for a new construction of the current systems of mag-

netic storms, based on the most complete possible empirical material and performed

STAT
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by analytic methods.

The publication of observations of magnetic observatories during the Second
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Fig.2 - Storm of 8 April 1947
Magnetograms of Observatories:
Sitka (60°), Tucson (50°),
Cheltenham (40°), San Juan (30°),

and Honolulu (21°)

International Polar Year (1932/33), was
completed in the 1940t's. During this year,
over 60 observatories were in ‘action. The
publication of the observations of a number
of Arctic observatories for later years,
places a rather broad empirical material at
our disposition today. The use of this ma-
terial, particularly abundant fof the high
latitudes of the Northern Hemisphere, and
the application of new analytic methods,
has enabled me to construct systems of e-
lectric currents that are more reliable
than those heretofore known. The discus-
sion of the electric currents so obtained,
from the viewpoint of modern ideas on the
morphology of the ionosphere on a disturbed
day, helped to explain the parameters of
these currents and to formulate certain
conclusions on the mechanism of their ex-
citation. A consideration of the magnetic
field on individual days made it possible
to follow the development of the electric
current systems of individual storms, and

it was found that the current systems of

individual storms may be regarded the re-

sult of fluctuations of an average system. The use of analytic methods made it pos-
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_.8ible to divide the field of disturbance into parts of external and internal origin,
and, on the basis of these parts, to judge the electromagnetic parameters of the in-

terior of the earth.

" Section 3. Content of this Report

It follows from the objects of this report, given in Section 2, that it includes
two parts, a geophysical part comprising a study of the morphology of magnetic storms
and of the disturbed ionosphere, and a mathematical part giving the development of

practical methods of calculating the electric currents from the observed distribution_

of the magnetic field, to satisfy the specific requirements of our problem.: The geo;

physical part covers the following points:

1. Classification of magnetic disturbances and separation of the perturbation
field into individual parts. I consider that two groups of storms mst be disting-
uished: world (M) and polar (P). The field of a worldwide storm, as stated by
Chapman, is made up of three parts: an aperiodic part or, as it has been customarily
called in all the earlier literature on geomagnetism, '"the stormtime variations"
(Dgt), the disturbed diurnal variations (Sp), and the irregular part (Dy). However,
the worldwide storms are always accompanied by a series of superimposed polar dis-
turbances. The subdivision of the i:ield of a worldwide storm must therefore be made
by means of a four-term equation

Ds,+SD+D,+P.

The methods of calculating the various parts of the field are described while
Chapter II is cievoted to the exposition of these questions.

2., Chapter III is devoted to a description of the geographical distribution of
the field of Dst.' The same Chapter gives the calculation results for the potential
and currents of the field of Ds & The comparative simplicity of the field allowed
us to use the method of spherical analysis. Two alternate systems of currents were
calculated: the ionospheric layer of current, and an equatorial extra-ionospheric

current ring. The ratio between the external and internal parts of the field was
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obtained in good agreement with analogous data of other investigators.

3. The regularities of the S —variations has been considered: the dependence
on geomagnetic coordinates, the role of Universal Time, the features of the distri-
bution of S on the polar cap, and the longitudinal members, The external system of

currents of the SD variation was calculated by the method of surface integrals and

compared with the Chapman system. The ratio of the external (Vo) to the internal

(V ) parts of the potential is discussed. Ve find that the ratio XF depends on the
latitude and that its mean value is 0.89.

The above-enumerated questions are discussed in Chapter v.

L. A current system of an jdealized polar storm (Chapter VI) is discussed, con-
structed from data of Silsbee and Vestine by expansion of the storm field into a
series of Bessel functions. A resemblance of this system to the system of currents
of the SD variations was found.

5. The seasonal and ll-year fluctuations of the currents of the Dst— and SD-
variations are described (Chapter VII).

The current systems for individual sgasons and years were calculated by approx-—
imate methods. It was found that the intensity of the D t-current has cyclic fluctu;
ations resembling the fluctuations of solAr activity. The geasonal march of the Dgy
current has two waves (one annual and the jother gemiannual) and is completely exp-
lained from the viewpoint of the corpuscular theory of storms. The geasonal and 1ll-

ear fluctuations of the current systems of § are much more complex. The material
‘presented by a number of observatories has shown that, during the course of the 11~

year cycle and during the course of the year, both the intensities of the current

eddies and the position of the auroral zoje vary. The intensities of the currents in

the middle and high latitudes obeys different regularities.

I

6., The Dst- and SD-variation of the density of jonization of the F2 layer of

the ionosphere are discussed. It was found that the Dst-variations in the ionization

of the F2 layer cannot, either from their geographical distribution or from their

10 STAT
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i%.gisblute value, be responsible for ‘the ionospheric system of electric currents Te—

q.—-
«

i
i
. ! quired for explaining the D t—variations of the magnetic field. On this basis, the}

. conclusion 1s drawn that the most probable cause of D t—variutions is an equatoriali

__iring with a radius of 3-4 earth radii., A comparison of the SD—currents may be ex-

2 |
‘ iplained, both in intensity and in form, under the assumption of a drift of the charged

10 —

] particles of the F2 layer under the action of the earth's permanent magnetic field
12 !
. and of its gravitational field, Chapter VvIII is devoted to an exposition of these
14 -0

questions.
16 -y

7. The electric systems of currents of individual magnetic currents are calcu—

1ated in Chapter IX, It is found that in all cases the currents, at a given instant

20_J 1

_i of time, may be represented as the result of the superimposition of typical systems
an .
ﬁ of Dst" SD-’ and P-currents. However, the intensities and configurations of the

24

4 Dy Sps and P-currents vary within wide limits from case to case.

8, The external (principal) part of: the field of magnetic disturbances inducea,.

1

. gecondary currents in the immer conducting parts of the earth, which in turn influ-
‘j! ence the magnetic field observed on the earth's surface, The separation of the po-'

P

tential of the field of D and the potential of the P-storms into an external and
j en jnternal part made it possible to calculate the conductivity of the deep parts of

the earth and the thickness of the upper nonconducting layer, The calculations were
! made under three assumptions: 1) the conductivity of the deep parts of the earth is
At

iconstant- 2) the conductivity increases with depth; and 3) the currents induced in
(I

'the oceans and wet soil are allowed for, For the estimate of conductivity we use
lnot only the data on the P—gtorms and the first harmonic of the D_4= -field, but also
" the data on the S —variations, The results so obtained on the variation of conduc-
tivity with depth differ somewhat from those of previous authors and are in good
agreement with modern ideas on the internal structure of the earth, based on seismic

‘ data, The division of the field for the harmonic Pq of the Dst-variu‘bions cannot be

| | - p pp - -
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explained within the scope of the Chapman-Price induction theory. Chapter X is de-
voted to these questionse.

The mathematical part of the work includes the following factors:

1. The method of surface integrals proposed by Vestine in 19,1 was used for
calculating the external and internal potentials of the SD_field. This ‘method, which
is used for the first time in geomagnetism,'required the development of practical
methods of processing the material and of a technique of computation.

2. The author of the present work has proposed & method of calculating the
current function on a sphere with a radius of a, if the potential obgerved on the
surface of a sphere R(R< a) is assigned in numerical or graphical form. The method
is based on finding the current function for regions internal with respect to the
sphere R, and on its extrapolation to outer space. The finding of the current
function from the known potential on the sphere leads to the solution of the inner
Dirichlet problem by the aid of a Fredholm equation of the second order, Practical
calculation methods were worked out. The method is applied to a calculation of the
currents of SD' The questions connected with the integral method of analysis are

discussed in Chapter Iv.

The principal conclusions from the work are collected in the Conclusion.
Chapter I is devoted to a survey of the literature. Since this work is prim-
arily devoted to questions of the morphology of the perturbation field and of the

construction of the electric currents equivalent to it, out of the wide and varied

literature on magnetic disturbances only studies devoted to the solution of these

very questions are mentioned in the survey. Works devoted to other divisions of the

theory of magnetic storms, to descriptions of individual phenomena, Or to statistics
of magnetic activity are not considered in the survey.

The equatione are separately numbered in each Chapter. In referring to an e-
quation given in the same Chapter, only its number is stated. In referring to an e;

quation from a different Chapter, its number and the Chapter number are given.

STAT

Declassified in - iti
| art - Sanitized Copy Approved for Release 2013/05/28 : CIA-RDP81-01043R002000210021



Declassified in Part - Sanitized Copy Approved for Release 2013/05/28 : CIA-RDP81-01043R002000210021-9

CHAPTER I
SURVEY OF THE LITERATURE

Section 1. Basic Properties of Magnetic Storms. The Works of Birkeland

The magnetic field of the earth is rarely completely quiet. Very often, the
smooth march of the magnetic elements, due to the quiet periodic variations (solar-

diurnal, S,; lunar-diurnal, L; annual, A) is disturbed by irregular fluctuations of

q’
varied form and amplitude. Any deviations of the magnetic field from the normal
march are called disturbances., Some of tﬁem are so small (tenths and hundredths of

a gamma) as to be detected only by special high-precision instruments (Bibl.16). The
strongest disturbances, expressed in large and sharp fluctuations of the magnetic
elements and lasting from several hours to several days, are called magnetic storms.
Storms are observed simultaneously either over the entire earth or, at least, in the
high latitudes. The amplitudes of fluctuation of the elements during extremely
strong storms exceeds 1,000 y in the middle latitudes and 2,000-3,000 y in the high
latitudes. During the time of a medium (moderate) storm, the fluctuations are of the'
order of 200-400-to 500-1,000Y depending on the latitude. The rate of variation of
the elements likewise fluctuates over a wide range, sometimes exceeding a few tens of
gammas a second. Occasionally, very slow and smooth variations of the elements are
observed (especially in the low iqtitudes, in the Z-component). The fluctuations of
the magnetic elements during a storm are so diverse that, during the entire period

over which the observatories have been recording the magnetic elements, i.e., for

over 100 years, no two identical storms can be found.
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Despite such randomness of fluctuations, statistical regularities obeyed by
magnetic storms have long been known. These regularities are as follows: The in-
tensity of storms (characterized by the frequency and ampliiude of the fluctuations,

i
the mobility of the curves, and the magnitude of the deviation from the normal values)

depends on the latitude. It reaches its maximum values in the high latitudes, in thé

zone of maximum visibility of the aurora; as the pole is approached, the degree of
disturbance again decreases. The number and intensity of the storms has a seasonal |
march with maxima at the epoch of the equinoxes, and also has an ll-yeaf cycle.
maxima of the magnetic cycle lag 1-2 years behind the maxima of the solar cycles.
There is a correlation between individual magnetic storms and the manifestations of
solar activity: sunspots, flares, eruptions. This correlation is of a statistical :
nature for the weak and moderate storms. The strong storms, as a rule, are uniquely.
related to solar phenomena. Tendencies to a repetition of storms after a synodical..
revolution of the sun and to a lag of storms behind the passage of an active region
across the central meridian, have been noted. Finally, the distribution of the in-
tensity of a storm during the course of the day, the "diurnal march of magnetic act-
ivity', has been found.

An extensive section of the literature has been devoted to these regularities,
and served, as already stated, as the basis for the development of the corpuscular
theories of magnetic storms. Considerably fewer papers have been devoted to the
study of the structure of the field of the storm field itself. A.Schmidt and van
Bemmelen (Bibl.LO) were among the first investigators who attempted to find the reg-
ularities obeyed by the storm field, According to them, the vector of the disturbance
systematically varies its direction during the course of the storm, and the "eddies"
into which the storm is divided are displaced along the earth'!s surface. Without
taking up this idea of the storm in detail, based as it was on the erroneous as-
sumption that storms are local and of terrestrial origin, let us turn to an exposition

of the memoirs of Birkeland (Bibl.38), which have not lost their significance even

Declassified in Part - Sanitized Copy Approved for Release 2013/05/28 : CIA-RDP81-01043R002000210021-9



Declassified in Part - Sanitized Copy Approved for Release 2013/05/28 : CIA-RDP81-01043R002000210021-9

today. Having set himself the problem of studying the distribution of the vector of
disturbance over the earth's surface and of explaining the origin of the storms,
Birkeland commenced his investigations by accumulating observational data. He under—
stood the particular importance of high-latitude observations and organized two
special expeditions, in 1899/1900 and in 1902/03, during which a special system of

temporary stations, provided with apparatus of the same type and operating under a

common program, was used. In working up this material subsequently, Birkeland com-
piled, for several storms, maps of the geographical distribution of the vector of
disturbance for successive most characteristic instants of time. Birkeland:defines
the vector of disturbance as follows: Fd =F - Fn’ where F denotes the observed value
of the magnetic field and Fn the normal undisturbed value. The construction of these
"gynoptic" maps showed Birkeland that, despite the apparent randomness of the fluctu-

ations of the magnetic elements, a certain systematic character is manifest in the

distribution of Fd. The vectors at closely adjacent stations are almost parallel;

a definite relation exists between the vectors and the longitude of the station and,
in particular, the latitude. Birkeland divided the listed magnetic storms, about 30
cases in all, into five types. Type 1, the most frequent, is characterized by the
almost everywhere negative horizontal component of the vector Fd' The ma>xdmum mag-
nitude of the vector is reached in the polar zone, declines sharply in the middle
latitudes, and again increases somewhat in the equatorial belt. Storms of this type
were called negative equatorial storms by Birkeland. Type 2, positive equatorial
gtorms, are storms with a positive horizontal component of Fd; the least disturbance
embraces all latitudes, but its value is usually much weaker than the disturbance of
negative storms. This type was rarely observed. Type 3 and 4 are positive and neg-
ative polar storms and are characterized by the fact that the vector of disturbance
reaches high values only in the high latitudes, while the magnetic field of middle
and low latitudes remains in fact almost undisturbed. Type 5, the cyclo-median

storms, of small value, reach their greatest development on the daylight side of the
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earth in low jatitudes. As Chapman later pointed out, the cases of disturbances
classified by Birkeland as Type 5 would be more correctly included among the bay
disturbances accompanying gudden jonospheric disturbances and due to outbursts of

ultraviolet radiatione. These bay disturbances are anomalous intensifications of

these Sqfvariations, but not ordinary disturbances of corpuscular origin.

With respect to the equatorial storms Birkeland confined himself to the hypo-
thesis that they were presumably due to certain systems of electric currents flowing
not far from the equatorial region, and devoted all of his attention to 2 study of
the polar storms. The most characteristic feature of the polar storms is a sharp
increase of the H-component of the vector of disturbance and the passage of the Z-
component through zero in the auroral zoneée. From this, Birkeland concluded that the
polar storms were caused by a powerful 1inear current flowing at a certain height
along the zone. Elementary counts, based on the use of the Biot-Sawara 1aw, allowed
Birkeland to make an approximate estimate of the height (100-300 km) and the intensi-
ty (b x 10° to 9 X 10° amp) of the current. The short duration of these storms (last-
ing from one to several hours) forced the assumption that the extension of the current
along the zone is short: 10°, or a few tens of degrees. Birkeland postulated that
his horizontal current was a part of & U-shaped current system, whose vertical
branches extend peyond the 1imits of the atmosphere. The diagram of 2 typical field
of a polar storm (Fig.3) shows the distribution of horizontal projections of the
1ines of force of the magnetic field (the solid curves), a graph of the variations of
the vertical component (the lower part of the figure), 'and the system of isopotential
lines (the broken lines). The hypothetical linear current flows in the direction of
the principal axis of the disturbance, marked by the arrow. The maximum value of the
vector Hgy, @8 will be seen from the diagram, should be observed at the point C, the
center of the disturbance.

The question of the closure of the Birkeland current system remained open, as-

suming the possibility of the existence, at a great distance from the earth, of &
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very diffuse branch closing the current system, and also assuming the possibility of
an unclosed system.
This current system 1s in agreement with the views of Birkeland and Stoermer on
the origin of magnetic storms. According to the well-known Stoermer-Birkeland theory,
‘which is frequently set forth in the literature,

the storm field is the field of & solar stream

of charged particles of a single sign, deflected
by the earth's magnetic field toward the polar

gones. Solving the equation of motion of a

charged particls, Stoermer calculated the pos-

sible forms of the paths and, in particular, ob-
tained paths explaining the above descrived U-

shaped current: the particles, moving along

these paths, approach the earth from space,

penetrate the atmosphere in the high-latitude

region down to a height of 100-300 km, take a

horizontal gsegement of their path in the atmos—

phere, as a rule along the auroral zone, and
Fig.3 - Diagram of Magnetic Field then once more leave the neighborhood of the
of an Elementary Polar Storm (ac-  earth. Experimental studies py Brueche(ir-
cording to Birkeland). radiation of a magnetized sphere by a narrow
The arrow shows the direction of beam of cathode rays), which allowed him to fol-

the principal axis of the disturb-
ance (C = Center of Disturbance; low the paths of individual particles, confirmed

Lines of Force; Equi-
potential lines; Z = Vertical com— the possibility of such paths and thereby gave

ponent of the storm field)
still greater significance to the Stoermer-
Birkeland theory. This theory is thus an attempt to systematize the data on mag-
' netic disturbances, to establish an idea of the typical picture of a disturbance, to

calculate the electric current equivalent to it, and to explain its origin. The
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criticism of the physical bases of this theory is commonly known. Serious objectione
to the theory (a stream of particles with only a single sign could not reach the
earth, due to the electrostatic repulsion of the particles; the invasion of the
earth's atmosphere by particles of a single sign must lead to great fluctuations of
electric potential during a storm, etc.) forced the various investigators subsequent-
1y to abandon the hypothesis of a singly-charged stream. lLet us discuss the remarks
provoked by the morphological part of the study. Since Birkeland's system of station

was located in a narrow longitudinal sector of the Arctic (Iceland, Spitzbergen,

Norway, Novaya Zemlya), he did not discover the fact that positive and negative polaf

disturbances are always observed simultaneously, but in different hemispheres. In
reality, however, a polar disturbance usually covers all the longitudes of the polar
region, the direction and magnitude of the vector of disturbance being different at .
different longitudes. It would thus seem more expedient to construct the system of
electric currents determining the distribution of the magnetic field at all longi-
tudes. Further, Birkeland had too small an observational material on the course of
disturbances in moderate latitudes. The morphology of the equatorial storms there-
fore remained actually unstudied by him, and he did not get a clear idea on the
currents responsible for them. The classification of storms introduced by Birkeland,

as shown below, likewise does not seem usable.

Section 2. Chapman's Investigations and their Revisions

A complestely different approach to the study of the morphology of magnetic
storms is contained in the works of Chapman (Bibl.40). As far back as the beginning
of the Twentieth Century, the works of Moos, Director of the Bombay Magnetic Observa-
tory, contained indications that, during the storms, the horizontal component first
increases (first phase of the storm), then decreases below the normal (second or
chief phase, during which the fluctuations of the magnetic elements are greatest)
and then slowly return to the normal state. The return to the normal state [(in the

literature, various terms are used - restoration phase, aftereffect, Nachstoerung,
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postperturbation, and noncyclic variation noncyclic change] takes several days, even

when the field is no longer disturbed by irregular fluctuations. The work of Moos

gave Chapman ground for postulating that the storm field contains regular parts, for
which certain stable systems of electric currents influencing the distribution of
the vector of disturbance of the entire earth are responsible. The varied fluctu-
ations of these currents result in the individual features of each storm, the random
fluctuations superimposed on the average picture of the magnetic variations. Chapman
worked up the variations of the magnetic elements H, D, and Z for 22 observatories
located between 22° and 60° North latitude. His calculations consisted in averaging.
of the values of the magnetic elements by hours, counting from the beginning_of the
storm. As a result of averaging a rather large number of cases (Chapman used the
data of 4O moderate storms), the influence of the irregular fluctuations and of the .
regular part of the disturbance connected with the local time was to a large extent
eliminated. He succeeded in finding the regular part of the storm field taking place
at the same World Time at all longitudes of the same latitude. He termed this part
of the field of a magnetic storm, the stormtime variations, i.e., the variations
taking place according to a time reckoned from the beginning of the storm. During
the 1930's and 1940's, the English term "stormtime variations" was still used in the
Russian literature on terrestrial magnetism to designate this part of the storm field.
It seems to us preferable to use the term "aperiodic disturbed variations' as we will
do in future, while retaining nevertheless the symbol Dst-variations or Dst—field
which is generally used today in the world literature. The Dst—variations of the H-
(or X) component at all latitudes (or at least at the middle latitudes) were de-
scribed similarly by Moos for Bombay. The Dst_variations of the Z-component, on the
other hand, reduced to the decrease of the element in the first phase of the storm
and to its increase in the second stage. The amplitude of the Dst—variations of the
Z-component is smaller than the amplitude of the H-component. No regular aperiodic

part could be found in the element D, During the entire storm, the fluctuations of
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D, no matter how large they were, usually take place about the normal value of the

element. This is evidence that the horizontal component of the vector of disturbance

on the average 1is most often directed along the magnetic meridian. The Dst—varia.tions

during the course of moderate and great magnetic storms are the same in form and

differ only in intensity. This made it possible for Chapman to conclude that the

average picture of the Dst-variations was constant (or, more accurately, stable).

In analyzing the classification of storms proposed by Birkeland, Chapman con-

cluded that the positive equatorial storms of Birkeland correspond to the first

phase of the ordinary storm, and the negative ones to the second phase. The insuf-

ficiency of the material, in Chapman's opinion, prevented Birkeland from noting that

the two types of storms are in reality only two successive phases of a single phe-

nomenon. The averaging of the value of the magnetic elements (after eliminating

the Dst—part for each storm) in accordance with the hours of the local days allowed

discovery of the relation of the field of the magnetic storm on the time of day.

This second regular part of the field of a magnetic storm is customarily termed the

disturbed diurnal variation (abbreviated SD). The existence of regular diurnal var-

jations on days of magnetic storms, differing from the diurnal variations on quiet

days, was noted, independently of Chapman, by & number of jnvestigators. Chapman's

calculation showed the existence of the SD—variations in all the elements, and their
regular change with latitudes. A characteristic feature of the SD-variations in the

H and Z components in the temperate latitudes is the minimum value of the elements

in the morning hours and the maximum values in the evening.
The third part of the storm field, in Chapman's opinion, is the irregular fluc-

tuations (Di) superimposed on the regular parts and giving a random appearance to

the variation of the magnetic field on disturbed dayse. Considering the regular

-~ and SD— to be the principal and most interesting parts, Chapman dir-

parts of Dgy

ected his efforts toward their further investigation, leaving the jrregular part

aside. Considering that the Ds & and SD-variations we have described to be due to
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electric currents flowing near the earth's surface (in the atmosphere itself or be-
yond it), Chapman formed an idea, from the pbserved magnetic variations, of the con-
figurations and jntensities of these currents. His systems of electric currents of

magnetic storms entered the geophysical literature as the most probable representa-

tion of the electric currents, and served as a starting point for the development of

the modern theoretical views on the nature of the phenomenon. His systems were con-
structed by an approximate method, without calculating the potential of the observed
fields of variations. He started out from the following postulates:

1. By analogy with the Sq—variations it may be assumed that the field of Dgy
or Sp observed on the earth's surface is the result of the composition of an extern-
al main field and an internal field due to induction in the conducting part of the
earth. The ratio of the external rield E to the internal field I, i.e., E/I = 3/2.

2. The external system of electric currents is a spherical nonuniform current
layer concentric with the earth's surface. The height of the current above the
earthts surface h = 200 km.

3. The direction and density of the current may be calculated from the observ-
ed magnetic field by the Biot-Sawara law, by replacing at each point the action of
the nonuniform spherical layer by the action of a uniform, plane current sheet of
infinite extension. The current systems of the D - and Sp- variation so obtained
are presented in Figs. La and Lb. It will be seen that the D4 currents flow every-
where westward in the direction of the parallels of latitude. The intensity of the
current increases somewhat in the equatorial region, anq increases strongly in the
polar cap. The current along the auroral zone is represented in the form of a
linear current of high density. The total intensity of the curre